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WK,QWHUQDWLRQDO&RQIHUHQFH('8:25/'(GXFDWLRQ)DFLQJ&RQWHPSRUDU\:RUOG
,VVXHV
'RFWRUDO6WXGLHVDQG5HVHDUFK&RPSHWHQFHV
'DQ3RWROHD
8QLYHUVLW\RI%XFKDUHVW%GXO0.RJDOQLFHDQX%XFKDUHVW5RPDQLD
$EVWUDFW
7KH SUHVHQW VWXG\ VWDWHV D VHW RI SUHPLVHV ZKLFK MXVWLILHV WKH OHJLWLPDF\ DQG WKH RSSRUWXQLW\ IRU H[SORULQJ WKLV SDUWLFXODU
VXEMHFW7KHUHDUHDQDO\VHGYDULRXV LQWHUSUHWDWLRQVRI WKHFRQFHSWRIFRPSHWHQFHERWKDW WKH OHYHORIDXWKRUGHILQLWLRQVDQG
ZLWKLQ RIILFLDO GRFXPHQWV 7KHUH LV SURSRVHG DQ LQWHJUDWLYH PRGHO RI FRPSHWHQFH 7KHUH LV IRUPXODWHG D VHW RI UHVHDUFK
FRPSHWHQFHVSURIHVVLRQDODQG WUDQVYHUVDO IRU WKHGRFWRUDOSURJUDPPHVRIVWXGLHV LQ WKHVRFLDOKXPDQLVWLF ILHOG7KHUHDUH
VXFFLQFWO\ H[DPLQHG GLIIHUHQW PHWKRGRORJLHV RI FRPSHWHQFHV GHYHORSPHQWGHILQLQJ 7KHUH LV VXJJHVWHG D PDQQHU IRU
RSHUDWLRQDOL]LQJWKHUHVHDUFKFRPSHWHQFHVE\PHDQVRIWKHUHYLVHGPHWKRGRORJ\RIWKH1DWLRQDO4XDOLILFDWLRQV)UDPHZRUN
IRU+LJKHU(GXFDWLRQGHYHORSHG LQ5RPDQLD ,Q WKHHQG WKHUHDUHSUHVHQWHGVRPHSHUVSHFWLYHV IRU WKHGHYHORSPHQWRI WKH
UHVHDUFKFRPSHWHQFHVLQWKHGRFWRUDOILHOG

7KH$XWKRUV3XEOLVKHGE\(OVHYLHU/WG
6HOHFWLRQDQGRUSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH8QLYHUVLW\RI3LWHVWL5RPDQLD

.H\ZRUGV+LJKHU(GXFDWLRQUHIRUP'RFWRUDOVWXGLHV5HVHDUFK&RPSHWHQFHV0RGHOVRI%XLOGLQJ&RPSHWHQFHV4XDOLILFDWLRQV
$XWKRQRP\DQG5HVSRQVDELOLW\
,QWURGXFWLRQVRPHSUHPLVHV

,QDVXFFLQFWSDSHUGHGLFDWHGWRWKHGRFWRUDWHLQ(XURSHWKHDXWKRUVIRUPXODWHDSHUWLQHQWREVHUYDWLRQ³,WLV
LPSRUWDQWWRXQGHUVWDQGWKDW3K'LVQRWMXVWDQDGYDQFHGWDXJKWGHJUHHOLNHWKH%DFKHORUV'RFWRUDOFDQGLGDWHV
DUH WKH LQWHUIDFH EHWZHHQ OHDUQLQJ DQG FUHDWLQJ QHZ NQRZOHGJH 7KH ULVH RI WKH 3K' LV WKH FUHDWLRQ RI QHZ
NQRZOHGJH WKURXJK VHDUFK EH LW LQ 3KLORVRSK\ RU 3K\VLFV´ &RQRU 2¶&DUUROO HW DO  :H QRWLFH LQ WKLV
SDUDJUDSKWKUHHNH\WHUPV±UHVHDUFKOHDUQLQJGHYHORSPHQWRINQRZOHGJH±ZKLFKFDQEHFRQQHFWHGWRDJOREDO
UHDVRQLQJUHVHDUFKOHDGVWRWKHDGYDQFHRINQRZOHGJHUHVHDUFKPHDQVOHDUQLQJUHVHDUFKZKLOHWKHODVWRQHLQLWV
WXUQUHTXLUHVUHVHDUFKFRPSHWHQFHV

'DQ3RWROHD7HO
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7KHDQDO\VLVWKHMXGJHPHQWVDQGWKHSURSRVDOVLQFRUSRUDWHGLQWKLVVWXG\DUHEDVHGRQDVHWRISUHPLVHV
7KHUHIRUPRIWKHGRFWRUDOVWXGLHVLVDPXOWLGLPHQVLRQDOSULRULW\±HGXFDWLRQDOVFLHQWLILFDQGVRFLDO
0RUHDUJXPHQWVFDQEHPHQWLRQHG
x 7KHIHDWXUHVDQGWKHFKDOOHQJHVRIWKHNQRZOHGJHEDVHGVRFLHW\UHTXLUHWKHUHWKLQNLQJRIWKHPLVVLRQDQGWKH
VWUDWHJLHV RI WKH GRFWRUDO LQVWLWXWLRQ 1RW ORQJ DJR WKHUH ZHUH GHILQHG WKH SULQFLSOHV DEOH WR HQVXUH WKH
LQQRYDWLRQ RI WKH GRFWRUDO VWXGLHV 5HVHDUFK ([FHOOHQFH $WWUDFWLYH ,QVWLWXWLRQDO (QYLURQPHQW
,QWHUGLVFLSOLQDU\ 5HVHDUFK 2SWLRQV ([SRVXUH WR ,QGXVWU\ DQG RWKHU 5HOHYDQW (PSOR\PHQW 6HFWRUV
,QWHUQDWLRQDO1HWZRUNLQJ7UDQVIHUDEOH 6NLOOV7UDLQLQJ4XDOLW\$VVXUDQFH (& $OO WKHVH SULQFLSOHV DUH
UHOHYDQW WR WKH VXEMHFW RI RXU LQWHUHVW HVSHFLDOO\ WKUHH RI WKHP 5HVHDUFK ([FHOOHQFH ,QWHUGLVFLSOLQDU\
5HVHDUFK2SWLRQVDQG7UDQVIHUDEOH6NLOOV7UDLQLQJ
x 7KHQHHGIRUDFRPSUHKHQVLYHUHIRUPLQWKHKLJKHUHGXFDWLRQ+(GRFWRUDOVWXGLHVLQFOXGHG
,ILQOLQHZLWKWKH%RORJQD3URFHVVIRUTXLWHDORQJSHULRGRIWLPHWKHUHIRUPIRFXVHGRQUHFRQVWUXFWLQJWKH
%DFKHORUVDQGWKH0DVWHUVVWXGLHVWKHGRFWRUDOVWXGLHVEHLQJOHVVSHUPHDEOHWRLQQRYDWLYHFKDQJHVDWSUHVHQW
ZHJRWKURXJKD³FRPSHQVDWLRQ´SKDVHILOOHGZLWKGHEDWHVLQLWLDWLYHVDQGFRPSOH[FKDQJHVWKDWUHIHUGLUHFWO\
WRGRFWRUDWHZLWKDOOLWVFRPSRQHQWVLQVWLWXWLRQDOVWUXFWXUHVFXUULFXOXPWUDLQLQJDQGHYDOXDWLRQV\VWHPVHWF
+RZHYHU WKH SURFHVV RI WKH HQYLVLRQHG RU DOUHDG\ LPSOHPHQWHG FKDQJHV LV QHLWKHU OLQHDU QRU ODFNLQJ LQ
WHQVLRQVDQGFRQWURYHUVLHVG3RWROHDHWDO
x 7KHLQWHUHVWRI+(IRUWKHVHOHFWLRQDQGWKHGHYHORSPHQWRILWVRZQKXPDQUHVRXUFHV
7KHGRFWRUDWHUHPDLQVDSUHUHTXLVLWHIRUWKHDFFHVVWR+((YHQLIWKHWUDGLWLRQDOJRDOVRIGRFWRUDOVWXGLHVKDYH
EHHQ UHYLVHG DQG DOORZHG D VLJQLILFDQW QXPEHU RI 3K' LQ VFLHQFH WR EH KLUHG LQ QRQDFDGHPLF VHFWRUV RI
DFWLYLW\WKHXQLYHUVLW\LVKLJKO\LQWHUHVWHGLQWUDLQLQJDQGVHOHFWLQJWKHWRSUHVHDUFKHUV
7KHGRFWRUDOVWXGLHVUHSUHVHQWDVSHFLDONLQGRIWUDLQLQJSURJUDP
7KHFRUHRIWKHWUDLQLQJSURJUDPPHVLVWKHRULJLQDOUHVHDUFK,QWKHFRQWH[WRIWUDLQLQJWKHUHVHDUFKILQGVLWVHOI
LQDGRXEOHVWDQFHDVJRDORIWKHWUDLQLQJSURJUDPDQGHPSRZHUPHQWRIUHVHDUFKHUVDQGUHVSHFWLYHO\DVOHDUQLQJ
SURFHVV ± UHVHDUFKEDVHG OHDUQLQJ :H FDQ DVN RXUVHOYHV WR ZKDW GHJUHH WKH SUDFWLFH RI GRFWRUDO VFKRROV
LQWHJUDWHVLQDEDODQFHGPDQQHUDVZHOODVIXQFWLRQDOWKHWZRVWDQFHV"
$VDSURIHVVLRQDOWUDLQLQJSURJUDPWKHGRFWRUDOVWXGLHVVKRXOGEHQHILWRIWKHGHVLJQSULQFLSOHVRIWKHDFDGHPLF
FXUULFXOXP$UHWKH\UHDOO\H[SORLWHG"3UREDEO\RQO\LQSDUW
7KHUHVHDUFKFRPSHWHQFHVKDYHWKHVWDWXVRIDFDGHPLF³RUJDQL]HU´RIGRFWRUDOVWXGLHV
³$OO FRXQWULHV LQYROYHG LQ WKH %RORJQD 3URFHVV DUH GHILQLQJ FRPSHWHQFHV DV WKH JRDO RI WKHLU GLIIHUHQW
GHJUHHV´%DDUWPDQDQG%UDXQS
2IFRXUVHWKHGRFWRUDWHPDNHVQRH[FHSWLRQIURPWKLVWUHQG
+RZHYHU FRPSHWHQFH LV D SRO\VHPDQWLF FRQFHSW ZLWK D YDULRXV ORDG RI PHDQLQJV WKDW JXLGHV LQ D
KHWHURJHQHRXV PDQQHU WKH UHVHDUFK DQG WKH SUDFWLFHV IRFXVHG RQ WKH GHYHORSPHQWEXLOGLQJHYDOXDWLRQ RI
FRPSHWHQFHV&DQWKHUHEHJHQHUDWHGDFRKHUHQWDQGLQWHJUDWLYHFRQFHSWRIFRPSHWHQFH"
4XDOLW\DVVXUDQFHRIWKHGRFWRUDOVWXG\SURJUDPPHVLVDVWUDWHJLFOHYHUDJHIRUWKHGRFWRUDOUHIRUP
)XUWKHURQWKHUHZRXOGEHQHFHVVDU\WKUHHMRLQWGLUHFWLRQVRILQWHUYHQWLRQ
x 'HILQLWLRQRSHUDWLRQDOL]DWLRQDQGYDOLGDWLRQRIWKHW\SHVRIUHVHDUFKFRPSHWHQFHV
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x ,PSURYHPHQWRIWKHWUDLQLQJDQGDVVHVVPHQWPHWKRGVDQGWRROVUHODWHGWRFRPSHWHQFHV
x 'HYHORSPHQWDQGUHILQHPHQWRIWKHHYDOXDWLRQVWDQGDUGVRIWKHVFLHQWLILFSURGXFWVRIWKHGRFWRUDOFDQGLGDWHV
DQGHVSHFLDOO\WKRVHRIWKHGRFWRUDOWKHVLV
7KHGHYHORSPHQWRIWKHGRFWRUDOSURJUDPPHVLQUHODWLRQZLWKWKH(XURSHDQDQGQDWLRQDOHGXFDWLRQDOSROLF\
GRFXPHQWVDVZHOODVZLWKWKHUHVHDUFKHVDQGEHVWSUDFWLFHVUHJDUGLQJWKH+(TXDOLILFDWLRQV
%RWKWKHGLDJQRVWLFDQDO\VLVRIWKHVWDWHRIWKHDUWRIGRFWRUDOVWXGLHVLQ5RPDQLDDQGWKHIXWXUHSURMHFWVKDYHD
FKDQFH RI VXFFHVV RQO\ LI WKH\ DUH GRFXPHQWHG LQ D PXOWLODWHUDO DQG H[WHQVLYH PDQQHU WKHUH DUH HVWDEOLVKHG
DGHTXDWHUHODWLRQVKLSVZLWKRIILFLDOGRFXPHQWVUHOHYDQWUHVHDUFKHVDQGEHVWSUDFWLFHVLQWKHILHOG
7KHGRFWRUDOVWXGLHVDUHFOHDUO\JRLQJWKURXJKDSURFHVVRILQWHUQDWLRQDOL]DWLRQVWDQGDUGVSURFHGXUHVKXPDQ
PRELOLW\QRQHWKHOHVVREYLRXVWKHWUHQGRIWKHGRFWRUDOVFKRROVLVWRUHGHILQHWKHLULGHQWLW\ZLWKLQWKHQHZVRFLDO
FRQWH[W7KHWZRSURFHVVHVDUHQRWFRQIOLFWLQJEXWUDWKHUMRLQW
&RQFHSWXDOLVLQJFRPSHWHQFH
&RPSHWHQFH KDV EHFRPH RPQLSUHVHQW LQ DOO V\VWHPV RI WUDLQLQJ FDSLWDOL]DWLRQ DQG SURPRWLRQ RI KXPDQ
UHVRXUFHV ,WV WKHRUHWLFDO IRXQGDWLRQ LV KRZHYHU DFFRPSDQLHG E\ ERWK FHUWDLQWLHV DV ZHOO DV XQFHUWDLQWLHV E\
HSLVWHPLFDPELJXLWLHVDQGYXOQHUDELOLWLHV7KHUHDUHD ORW RIGLVDJUHHPHQWVDQGRQO\SDUWLDO UHVSRQVHV WRPDMRU
LVVXHV VXFK DV WKH GHULYLQJ PHFKDQLVPV WKH FRQGLWLRQV RI YDOLGDWLRQ WKH SURFHVVHV RI GHYHORSPHQW DQG
HYDOXDWLRQ RI FRPSHWHQFHV 0RUHRYHU VRPH DXWKRUV SXW LQ TXHVWLRQ SUHFLVHO\ WKH XVHIXOQHVV RI WKH FRQFHSW
FRPSHWHQFHZRXOGQRWEULQJDQ\WKLQJ³H[WUD´EHVLGHVWKHVHSDUDWHDVVHVVPHQWRINQRZOHGJHVNLOOVDQGDWWLWXGHV
:HVWHUQ
$OWHUQDWLYHLQWHUSUHWDWLRQVRIFRPSHWHQFHV
7KHGLIIHUHQFHV LQFRQFHSWXDOL]DWLRQFDQEH WUDFH LQ WZRSODQVDXWKRUGHILQLWLRQDQGGHILQLWLRQVUHWULHYHG LQ
RIILFLDOGRFXPHQWV
)RUWKHILUVWFDWHJRU\ZHVHOHFWHGVRPHVWDWHPHQWV
x ³WKHFDSDFLW\WRHQDFWVSHFLILFFRPELQDWLRQVRINQRZOHGJHVNLOOVDQGDWWLWXGHVLQDSSURSULDWHMREFRQWH[WV´
%DDUWPDQDQG5XLMVS
x ³WKHFRQFHSWRIFRPSHWHQFHHQFRPSDVVHVQRWMXVWH[SHUWNQRZOHGJHLQDJLYHQILHOGEXWDOVRVSHFLILFVNLOOV
RISUREOHPVROYLQJDVZHOOPRWLYDWLRQDODQGVRFLDODVSHFWV´%UDXQ6KHLQNOH+DQQRYHUS
x 0HQWDO FRQGLWLRQV QHFHVVDU\ IRU FRJQLWLYH VRFLDO DQG YRFDWLRQDO DFKLHYHPHQWV &RPSHWHQFHV DUH
PXOWLIXQFWLRQDO DQG WUDQVYHUVDO WKH\ DUH XVHIXO IRU DFKLHYLQJPRUH LPSRUWDQW JRDOV IRUPDVWHULQJGLIIHUHQW
DFWLRQVLQXQIDPLOLDUVLWXDWLRQV´:HLQHUW
x &RPSHWHQFHV UHSUHVHQW WKH FDSDFLW\ WR VROYH D SUREOHP LQ D JLYHQ FRQWH[W DQG LQYROYH VROXWLRQV WKDW DUH
VRPHKRZDXWRPDWHGWRVROYHDWDVN0D]HUDSXG&XFRV
x 7KH FRPSHWHQFH KDV D VWUXFWXUH UHVRXUFHV DQG VSHFLILF VLWXDWLRQV LW LV D SRWHQWLDO SURYHG LQ D IDPLOLDU
VLWXDWLRQ LW LV H[SUHVVHG E\ WKH SHUIRUPDQFH DQG LW LV QRW PHDVXUDEOH EXW RQO\ GHVFULEHG DQG DSSUHFLDWHG
0DQROHVFX
7KHFRPSDUDWLYHDQDO\VHVRI WKHGHILQLWLRQVHPSKDVLVHVWKHGLIIHUHQFHVLQLQWHUSUHWDWLRQ³,QYDULDQWV´DSSHDU
EXWDOVRVLJQLILFDQWGLIIHUHQFHV
$ YROXPH RI WKH MRXUQDO ³$VVHVVPHQW DQG(YDOXDWLRQ LQ+LJKHU(GXFDWLRQ´ IURP LV GHGLFDWHG DOPRVW
FRPSOHWHO\WRVRPHHPSLULFDOVWXGLHVUHJDUGLQJWKHSURIHVVLRQDOFRPSHWHQFHVLQ+(,QWKHLQWURGXFWRU\FRPPHQW
WRWKHVHVWXGLHV'*LMEHOQRWLFHV³7KHTXHVWLRQZKDWLVYRFDWLRQDOFRPSHWHQFHLQ+(UHPDLQVLQWKLVYROXPH
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ZLWKERWKUHVSRQVHVDQGQRUHVSRQVHV´*LMEHOV7KLVSRLQWRIYLHZFRUUHFWO\UHIOHFWVWKHSUHVHQWVWDWHRIRXU
NQRZOHGJHEH\RQGWKHVSHFLILFFLUFXPVWDQFHVWKH\UHIHUWR
)RUWKHVHFRQGFDWHJRU\UHJDUGLQJGHILQLWLRQVRIWKHFRPSHWHQFHLQRIILFLDOGRFXPHQWVZHVHOHFWHGRQO\(8
GRFXPHQWVDQG WZR5RPDQLDQGRFXPHQWV8QOLNH WKHDXWKRUGHILQLWLRQVZKLFK WROHUDWHPXFKPRUH IUHHGRPRI
RSLQLRQLQWKHRIILFLDOGRFXPHQWVWKHFRPSHWHQFHKDVDQRWKHUVWDWXVLWLQYROYHVWKHLGHDRIQRUPDWLYLW\DQGVHWV
LQDFRPSXOVRU\PDQQHUWKHWUDLQLQJDQGHYDOXDWLRQ&RQVHTXHQWO\ZHGRQRWH[SHFWWRILQGZLWKLQWKH³RIILFLDO´
IUDPHZRUNHTXLYRTXHVDQGGLYHUJHQFHVEXWRQO\VROLGMXVWLILFDWLRQV'RHVUHDOLW\FRQILUPVXFKH[SHFWDWLRQV"
x (8 NH\FRPSHWHQFHV 7KH (8 GRFXPHQW VHWV D QXPEHU RI HLJKW ZHOONQRZQ NH\ FRPSHWHQFHV  ,Q
SULQFLSOH WKH\LQGLFDWHVWXGHQWV¶DFKLHYHPHQWVDW WKHHQGRIWKHFRPSXOVRU\HGXFDWLRQDQGE\H[WHQVLRQWKH
EDVLF FRPSHWHQFHV ZKLFK VKRXOG DFFRPSDQ\ DQ\ NLQG RI SHUVRQDO DQG SURIHVVLRQDO GHYHORSPHQW )URP D
VWUXFWXUDOSRLQWRI YLHZZLWKLQ WKLV IUDPHZRUN WKHFRPSHWHQFH LV UHJDUGHGDVDQ LQWHJUDWHGDQG IXQFWLRQDO
DJJUHJDWHRINQRZOHGJHVNLOOVDQGDWWLWXGHV
x 7KH (XURSHDQ 4XDOLILFDWLRQ )UDPHZRUN (4) SURSRVHV HLJKW OHYHOV RI TXDOLILFDWLRQV KLHUDUFKLFDOO\
RUJDQLVHGWKHODVWRQHUHSUHVHQWHGE\WKHGRFWRUDWH7KHTXDOLILFDWLRQVDUHDSSURDFKHGIURPWKHSRLQWRI
YLHZ RI WKH OHDUQLQJ UHVXOWV 7KHVH DUH RI WKUHH W\SHV NQRZOHGJH VNLOOV DQG FRPSHWHQFHV  7KH
FRPSHWHQFHVEHQHILWRIDPXOWLODWHUDODQDO\VLV±WDVNVFRQWH[WFRQGLWLRQRIIXQFWLRQLQJPDQDJHULDOGLPHQVLRQ
DQGDUHGHILQHG LQ WHUPVRIDXWRQRP\DQGUHVSRQVLELOLW\)URPRXUSRLQWRIYLHZ WKHUHODWLRQVKLSVEHWZHHQ
NQRZOHGJHVNLOOVDQGFRPSHWHQFHVDUHQRWFOHDUHQRXJKWKHWKUHHFDWHJRULHVVHHPWRLGHQWLI\GLVWLQFWOHDUQLQJ
UHVXOWV,QDQDGOLWWHUDPLQWHUSUHWDWLRQLWZRXOGVHHPWKDWWKHFRPSHWHQFHLVYDOXHGHVSHFLDOO\EHFDXVHRIWKH
GLPHQVLRQRIDWWLWXGHV±DXWRQRP\DQGUHVSRQVLELOLW\
x ,WLVQRWGLIILFXOWWRQRWLFHWKDWWKHWZRGRFXPHQWVRIWKH(8RSHUDWHLQGLIIHUHQWUHJLVWHUVZLWKWKHFRQFHSWRI
FRPSHWHQFH
x 7KH1DWLRQDO4XDOLILFDWLRQV)UDPHZRUNIRU+LJKHU(GXFDWLRQ14)+(LQ5RPDQLD±GLIIHUHQWLDWHVEHWZHHQ
WKH SURIHVVLRQDO DQG WKH WUDQVYHUVDO FRPSHWHQFHV   7KH IRUPHU DUH RUJDQLVHG LQ WZR FDWHJRULHV
NQRZOHGJHDQGVNLOOV7KHSURIHVVLRQDOFRPSHWHQFHLVGHILQHGE\ILYHFRJQLWLYHOHYHOVDQGLVDFFRPSDQLHGE\
DSHUIRUPDQFHVWDQGDUG7KHWUDQVYHUVDOFRPSHWHQFHVDUHRIWKUHHW\SHVDXWRQRP\DQGUHVSRQVLELOLW\VRFLDO
LQWHUDFWLRQDQGSHUVRQDOGHYHORSPHQWHYROXWLRQLQFDUHHU7KHVSHFLILFVWUXFWXUHRI14)+(ZLOOEHDQDO\VHG
DQGFRPPHQWHGLQWKHQH[WFKDSWHU
x 7KH FRGH RI WKH XQLYHUVLW\ GRFWRUDO VWXGLHV  LQFOXGHV D YDVW VHW RI FRPSHWHQFHV RUJDQLVHG LQ WZR
FDWHJRULHV
3URIHVVLRQDOFRPSHWHQFHVDGYDQFHGNQRZOHGJHLQWKHILHOGDELOLW\WRLGHQWLI\IRUPXODWHDQGVROYHUHVHDUFK
SUREOHPV PDVWHU\ RI WKH PHWKRGV DQG WHFKQLTXHV RI DGYDQFHG UHVHDUFK NQRZOHGJH UHJDUGLQJ WKH
PDQDJHPHQWRIWKHUHVHDUFKSURMHFWVPDVWHU\RIWKHQHZUHVHDUFKSURFHGXUHVDQGVROXWLRQVXQGHUVWDQGLQJ
RI DQG DELOLW\ WR DSSO\ WKH HWKLFDO SULQFLSOHV DQGYDOXHV VSHFLILF WR WKH VFLHQWLILF UHVHDUFK LQ D SDUWLFXODU
ILHOG
7UDQVYHUVDO FRPSHWHQFHV DELOLW\ RI ZULWWHQ RUDO FRPPXQLFDWLRQ LQ VFLHQWLILF DQG FXOWXUDO ILHOGV DGYDQFHG
OLQJXLVWLF FRPSHWHQFHV LQ IRUHLJQ ODQJXDJHV XVH RI LQIRUPDWLRQ DQG FRPPXQLFDWLRQ WHFKQRORJLHV
LQWHUSHUVRQDO DQG WHDPZRUN VNLOOV NQRZOHGJH LQ WKH ILHOG RI KXPDQ UHVRXUFHV PDWHULDO DQG ILQDQFLDO
PDQDJHPHQW OHDGHUVKLSVNLOOVNQRZOHGJHUHJDUGLQJFDUHHUPDQDJHPHQWDQGWKHGHYHORSPHQWRIMREVIRU
RWKHUVNQRZOHGJHUHJDUGLQJWKHULVNFULVHVDQGIDLOXUHPDQDJHPHQWNQRZOHGJHUHJDUGLQJWKHOHJLVODWLRQ
LQWKHILHOGRILQWHOOHFWXDOSURSHUW\HFRQRPLFWHFKQRORJLFDQGVRFLDOHQWUHSUHQHXUVKLSVNLOOV
$FRQWHQWDQDO\VLVRIWKHIRXUGRFXPHQWVFDQOHDGWRWKHIROORZLQJWDEOH
7DEOH,QWHUSUHWDWLRQRIFRPSHWHQFHVLQRIILFLDOGRFXPHQWV
.QRZOHGJH 6NLOOV $WLWXGHV1U
&UW $QH[DPSOHRIDFROXPQKHDGLQJ ; ; ;
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 (8.H\&RPSHWHQFHV ; ; ;
 (4)   ;
 14)+( ; ; 
7KHFRGHRIGRFWRUDOVWXGLHV   
FRPSHWHQFHV ;  
FRPSHWHQFHV  ; 

RQHFRPSHWHQFH ; ; ;

,IZHFKRRVHDVDQLQWHUSUHWDWLYHPRGHOVWDQGDUG±WKHFRPSHWHQFHGHILQHGE\WKHWKUHHFRPSRQHQWVWKHQZH
UHDFK WKHIROORZLQJFRQFOXVLRQV WKHNH\FRPSHWHQFHVFRYHUDOO WKUHHFRPSRQHQWV(4) LVPDLQO\ LQWHUHVWHG LQ
WKHDWWLWXGLQDODVSHFWV14)+(UHJDUGVWKHFRPSHWHQFHIURPWKHSRLQWRIYLHZRINQRZOHGJHDQGVNLOOVEXWQRW
DWWLWXGHVZKLOHWKHFRGHRKWKHGRFWRUDOVWXGLHVGHILQHVFRPSHWHQFHVLQWHUPVRINQRZOHGJHFRPSHWHQFHVLQ
WHUPVRIVNLOOVDQGRQO\RQHFRPSHWHQFHFRYHUVDOOWKUHHFRPSRQHQWV
7KLVVLWXDWLRQPRWLYDWHVWKHHPSKDVLVHGQHHGRIDXQLWDU\DQGLQWHJUDWLYHFRQFHSWRIFRPSHWHQFH
$QLQWHJUDWHGPRGHORIFRPSHWHQFH
7RJHWKHUZLWK6WHOLDQD7RPDZHKDYHSURSRVHGDPRGHORIH[SUHVVLQJWKHFRPSHWHQFHZKRVHFKDUDFWHULVWLFV
DUHSUHVHQWHGEHORZ'3RWROHD67RPD














)LJ6WUXFWXUHDQGFRQWH[WRIFRPSHWHQFH
&RQWH[W
&RQWH[W&RQWH[
/HDUQLQJSURIHVVLRQDO
UROHVWDVNV
3HUIRUPDQFHVWDQGDUGV3(5621$/,7<
75$'(6
DWWLWXGHVDSWLWXGHV
HWF
6.,//6
.12:/('*(
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$FFRUGLQJWRWKLVPRGHOWKHHOHPHQWVWKDWGHILQHDFRPSHWHQFHDUH
x 5ROHVWDVNVHYHU\FRPSHWHQFHLVUHODWHGWRDOHDUQLQJSURIHVVLRQDOUROHWDVNZKLFKLVFRQQHFWHGWRWKH
SUREOHPDWLFVLWXDWLRQFRQWH[WRIWKDWVSHFLILFILHOG%DVHGRQWKLVZHFDQGLIIHUHQWLDWHWKHFRPSHWHQFHV
DFFRUGLQJWRWKHW\SHRIWKHWDVNRUWKHSUREOHPWREHVROYHGZHOOGHILQHG±SRRUO\GHILQHGSUREOHPV
DFWLYLWLHVLQYROYLQJH[HFXWLRQDFWLYLWLHVLQYROYLQJFRQFHSWLRQUHSHWLWLYHHOHPHQWV±XQSUHGLFWDEOHHYHQWVHWF
7KHFRPSHWHQFHKDVDFHUWDLQVFDOHQRWDQ\PLQRUSHULSKHUDOWDVNLVDFRPSHWHQFH
x 3HUIRUPDQFHVWDQGDUGVFRPSHWHQFHPHDQVDFKLHYLQJDWDVNDWDFHUWDLQSUHGHILQHGOHYHO:HFDQQRWGHILQH
GHYHORSDQGHYDOXDWHDFRPSHWHQFHZLWKRXWVWDQGDUGVFULWHULD
x .QRZOHGJHHQVXUHVWKHWKHRUHWLFDOEDVHVRIWKHFRPSHWHQFHGLIIHUHQWW\SHVRINQRZOHGJHGHFODUDWLYH
SURFHGXUDOFRQGLWLRQDOPHWDFRJQLWLYHOHDGWRGLIIHUHQWVNLOOV
x 6NLOOVUHSUHVHQWWKHH[HFXWLYHDFWLRQGLPHQVLRQRIDFRPSHWHQFHWKH\DUHGLVWULEXWHGRQDYDULHGUHJLVWHU
IURPDOJRULWKPLFVNLOOVWRWKRVHLQYROYLQJDQLQQRYDWLYHPDQQHURIDSSURDFKLQJDSUREOHP
x 3HUVRQDOLW\WUDLWVKDYHDQHVVHQWLDOUROHLQWKHGHYHORSPHQWRIWKHFRPSHWHQFH)URPRXUSRLQWRIYLHZWR
DGGUHVVRQO\WKHDWWLWXGHVLVDXVHIXODSSURDFKEXWVWLOOLQVXIILFLHQW7KHUHVKRXOGEHGLVFXVVHGWKH
PHDQLQJIXOQHVVRIWKHELQRPLDODWWLWXGHVDSWLWXGHV
7KH DWWLWXGHV DZDUG YDOXH WR WKH FRPSHWHQFH DQG VXSSRUW LW HPRWLRQDO DQG PRWLYDWLRQDO WKH\ DUH D IDFWRU
ZKLFKPRELOLVHVUHVRXUFHV
7KHDSWLWXGHVVXSSRUWWKHGHYHORSPHQWDQGWKHSURGXFWLYLW\RIWKHFRPSHWHQFH
6RPH FRPSHWHQFHV UHTXLUH FHUWDLQ SHUVRQDOLW\ IDFWRUV ZKLOH RWKHU FRPSHWHQFHV UHTXLUH RWKHU SHUVRQDOLW\
WUDLWV
x 7KHFRQWH[WUHIHUVWRWKHVLWXDWLRQDOIHDWXUHVZLWKLQZKLFKWKHFRPSHWHQFHIXQFWLRQVOHDUQLQJFRQWH[WV
SURIHVVLRQDOFRQWH[WVDYDLODEOHUHVRXUFHVSV\FKRVRFLDOFOLPDWHIXQFWLRQDOUHJLVWHUV\VWHPDWLFDVVLVWDQFH
SDUWLDODVVLVWDQFHLQGHSHQGHQWH[HFXWLRQG\QDPLFVDXWRQRP\UHVSRQVLELOLW\
:LWKLQWKHFRPSHWHQFHHTXDWLRQWKHFRQWH[WVKRXOGQRWEHPLQLPLVHG)LJ
7KHFRQWH[WIDFLOLWDWHVRUOLPLWVWKHSHUIRUPDQFHRIWKHFRPSHWHQFH
x $ FRPSHWHQW SHUVRQ VHOHFWV RUJDQLVHV DQG XVHV KLVKHU LQWHUQDO UHVRXUFHV NQRZOHGJH VNLOOV DWWLWXGHV
GHSHQGLQJ RQ WKH QDWXUH RI WKH WDVN WR EH VROYHG DQG WKH IHDWXUHV RI WKH FRQWH[W )URP KHUH UHVXOW WZR
FKDUDFWHULVWLFVRIWKHFRPSHWHQFHIOH[LELOLW\DQGWUDQVIHUDELOLW\
x 7KHFRQFHSWLRQDERXWWKHFRPSHWHQFHLVHVVHQWLDOIRUWKHTXDOLW\RIWKHGHVLJQLPSOHPHQWDWLRQDQGHYDOXDWLRQ
RIWKHGRFWRUDOSURJUDP







)LJ7KHFRQWH[WLQWHUPHGLDU\YDULDEOH
7KHSURILOHRIWKHUHVHDUFKFRPSHWHQFHDQGWKHPHWKRGRORJLHVRIRSHUDWLRQDOL]DWLRQ
7KHW\SRORJ\RIFRPSHWHQFH
$FDUHIXOH[DPLQDWLRQRIWKHUHVHDUFKHUVWDWXVLQWKHVRFLDOKXPDQLVWLFILHOGDFFRUGLQJWRRIILFLDOGRFXPHQWV
WKHDQDO\VLVRIWKHWUDLQLQJSURJUDPLQGRFWRUDOVFKRROVERWKLQ5RPDQLDDQGDEURDG±*HUPDQ\$XVWULD)UDQFH
(QJODQG86$HWF±WKHV\VWHPDWLFVWXG\RIWKHOLWHUDWXUHRQWKHVXEMHFWRIUHVHDUFKPHWKRGRORJ\WKHUHIOHFWLYH
&217(;7 3(5)250$1&&203(7(1&(
,QWHUQDO
FDSDFLW\SRWHQWLDOLW\
([WHUQDOHYLGHQFHRI
WKHFRPSHWHQFH0HGLDWRUIDFWRUV
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DQDO\VLVRIRXURZQH[SHULHQFHDVFRRUGLQDWRURIGRFWRUDOWKHVLVDVZHOODVWKHSURVSHFWRIWKHQHHGRIH[SHUWLVH
LQDGYDQFHGUHVHDUFKOHGXVWRVHWWKHIROORZLQJHQVHPEOHRIFRPSHWHQFHV
x 3URIHVVLRQDOFRPSHWHQFHVNQRZOHGJHDQGYDORULVDWLRQRIWKHEDVHVRIWKHVFLHQWLILFUHVHDUFKGHVLJQ
GHYHORSPHQWDQGFRPPXQLFDWLRQRIWKHUHVXOWVRIWKHVFLHQWLILFUHVHDUFKTXDQWLWDWLYHPHWKRGVRIUHVHDUFK
TXDOLWDWLYHPHWKRGVRIUHVHDUFKHYDOXDWLYHUHVHDUFKHYDOXDWLRQRIWKHHGXFDWLRQDODQGVRFLDOSURJUDPPHVDQG
SURMHFWVJUDQWSURMHFWPDQDJHPHQW
x 7UDQVYHUVDOFRPSHWHQFHVOHDGHUVKLSFRPPXQLFDWLRQDQGWHDPZRUNFUHDWLYLW\LQQRYDWLRQDQGVRFLR
HPRWLRQDOLQWHOOLJHQFHLQUHVHDUFKFRQWH[WVHOIPDQDJHPHQWSURJUHVVLQFDUHHUDQGSURIHVVLRQDOHWKLFV
6XFKFRPSHWHQFHVFRXOGVWDNHLQDSURILWDEOHPDQQHUWKHWUDLQLQJSURJUDPPHVLQWKHUHVHDUFKILHOGDQGFRXOG
HPSRZHU WKH VFLHQWLILF FUHDWLRQ RI WKH GRFWRUDO LQVWLWXWLRQ $OVR WKH\ FDQ UHSUHVHQW D FRQVLVWHQW EDVH IRU
SURPRWLQJ UHVHDUFKHV RI GLIIHUHQW QDWXUH VWDUWLQJ IURP WKH IXQGDPHQWDO UHVHDUFK DQG XS WR WKH UHVHDUFK
GHYHORSPHQWPHWKRGRORJLFDOO\VXSSRUWHGE\YDULRXVSDUDGLJPV±TXDQWLWDWLYHTXDOLWDWLYHPL[HG
5HFHQWO\ DW WKH 8QLYHUVLW\ RI %XFKDUHVW WKH FXUULFXOXP RI WKH GRFWRUDO VFKRRO ZDV UHYLVHG IURP WKH
SHUVSHFWLYHRIWKHFRPSHWHQFHVPHQWLRQHGDERYH
0HWKRGRORJLFDOPHWKRGVRIEXLOGLQJGHILQLQJFRPSHWHQFHV
$FULWLFDOLVVXHGHFLVLYHIRUWKHTXDOLW\RIWKHUHVHDUFKWUDLQLQJLVUHSUHVHQWHGE\WKHPHWKRGRORJ\ZKLFKFRXOG
VXSSRUWWKHEXLOGLQJRSHUDWLRQDOLVDWLRQRIFRPSHWHQFH)URPRXUSRLQWRIYLHZWKHUHFDQEHGLVWLQJXLVKHGWKUHH
UHSUHVHQWDWLYHPRGHOVZKLFKZHZLOOQDPHFRQYHQWLRQDOO\WKHVRFLRSURIHVVLRQDOPRGHOWKHSV\FKRSURIHVVLRQDO
PRGHODQGWKHPL[HGPRGHO
x 7KH VRFLRSURIHVVLRQDO PRGHO LV LQWHUHVWHG LQ WKH DQDO\VLV RI WKH UHTXHVWV FRPLQJ IURP WKH SURIHVVLRQ
IXQFWLRQV DFWLYLWLHV RSHUDWLRQV WKH RXWSXWV DQG WKH PLQLPDO VWDQGDUGV 7KH ILUVW VWHS FRQVLVWV LQ WKH
LGHQWLILFDWLRQ RI WKH SURIHVVLRQDO UROHV ZKLFK DUH IXUWKHU RQ WUDQVIRUPHG LQ FRPSHWHQFH XQLWV HOHPHQWV RI
FRPSHWHQFHUHVSHFWLYHO\WKHUHDUHGHILQHGWKHDFKLHYHPHQWFRQGLWLRQVWKHFRQWH[WXDOHQYLURQPHQWDOYDULDEOHV
DQGWKHHYDOXDWLRQSURFHGXUHV
x 7KHSV\FKRSURIHVVLRQDOPRGHOLVIRFXVHGHVSHFLDOO\RQWKHLQSXWVRQZKDWDSHUVRQEULQJVZKHQXQIROGLQJD
VSHFLILF MRE LW KDV D SV\FKRORJLFDO DSSURDFK DQG UHIOHFWV D KROLVWLF DSSURDFK 7KH DQDO\VLV VWDUWV ZLWK WKH
LGHQWLILFDWLRQRI WKH ILUVWWRSSHUIRUPHUV LQDSURIHVVLRQDO ILHOG7KHLU IHDWXUHVDQGEHKDYLRXUVDUH WKHQ
FRPSDUHGWRWKHRWKHUHPSOR\HHVEDVHGRQWKLVSURFHVVDUHGHILQHGWKHFRPSHWHQFHVWKDWVKRXOGEHGHYHORSHG
$ 7URWWHU DQG / $OOLVRQ  GHVFULEH WKH SKDVHV WR EH IROORZHG LQ OLQH ZLWK WKH WZR PHWKRGRORJLFDO
GLUHFWLRQ7RWKHIRUPHUWKH\DWWDFKWKHFRQFHSWRI³FRPSHWHQFH´FRQVLGHULQJWKDWLWUHIHUVWRWKH³VSHFLILFDQG
WUDQVYHUVDOFRPSHWHQFHVIRUDMRE´DQGWRWKHODWWHUWKH\DWWDFKWKHFRQFHSWRI³FRPSHWHQF\´ZKLFKDGGUHVVHV
³SHUVRQDOJHQHULFFRPSHWHQFHV´$OWKRXJKWKH\GLIIHUDVIDUDVWKHPHWKRGRORJLFDOFRQVWUXFWLRQLVFRQFHUQHG
³FRPSHWHQFH´DQG³FRPSHWHQF\´DUHQRWGLVMXQFWLYHWKH\FDQOHJLWLPDWHWZRGLIIHUHQWFODVVHVRIFRPSHWHQFH
SURIHVVLRQDODQGWUDQVYHUVDO
x 7KHPL[HGPRGHOFRPELQHVWKHPHWKRGRORJ\RIWKHMREDQDO\VLVZLWKWKHH[DPLQDWLRQRIWKHHVVHQFHFRUHRI
WKHFRPSHWHQFHIURPWKHSHUVSHFWLYHRIWKHSV\FKRSURIHVVLRQDOPHFKDQLVPV:HEHOLHYHWKDW WKH5RPDQLDQ
14)+(PHWKRGRORJ\FDQEHLOOXVWUDWLYHIRUWKHPL[HGPRGHO
x 14)+(PHWKRGRORJ\WRZKLFKWKHDXWKRURIWKHSUHVHQWSDSHUFRQWULEXWHGEHLQJSDUWRIWKHZRUNLQJJURXS
KDVDOUHDG\EHFRPHDQRIILFLDOGRFXPHQWZLWKQDWLRQDODQGLQWHUQDWLRQDOUHFRJQLWLRQ,WVXSSRUWVWKH
DQDO\VLVGHVFULSWLRQDQGHYDOXDWLRQRIWKHTXDOLILFDWLRQVRIIHUHGE\WKH+(LQVWLWXWLRQVLQ5RPDQLD
,W FRQVLVWVRI WKH VHWRISULQFLSOHV DPDWUL[ WZRJULGVDQGDSURFHGXUH WKDW UHJXODWHV WKH UHJLVWUDWLRQRI WKH
TXDOLILFDWLRQLQD1DWLRQDO5HJLVWHU


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3HUVRQDO
DQG
SURIHVVLRQDO
GHYHORSPHQ
W
$ZDUHQHVVRIWKHQHHG
IRU FRQWLQXLQJ
WUDLQLQJ HIILFLHQW XVH
RI OHDUQLQJ WHFKQLTXHV
DQG UHVRXUFHV IRU
SHUVRQDO DQG
SURIHVVLRQDO
GHYHORSPHQW
6HOIFRQWURO RI WKH OHDUQLQJ SURFHVV
GLDJQRVLV RI WUDLQLQJ QHHGV UHIOHFWLYH
DQDO\VLVRQRZQSURIHVVLRQDODFWLYLW\
'HYHORSPHQW RI FUHDWLYLW\FHQWUHG SURMHFWV DV WKH
EDVLV
IRUVHOIDFFRPSOLVKPHQW

6RFLDO
LQWHUDFWLRQ
)DPLOLDULVDWLRQ ZLWK
WKH WHDPZRUNVSHFLILF
UROHV DQG DFWLYLWLHV
DQG ZLWK WDVN
DOORFDWLRQ IRU
VXERUGLQDWHOHYHOV
$VVXPLQJ PDQDJHPHQW UROHVIXQFWLRQV
IRU WKH DFWLYLWLHV ZLWKLQ SURIHVVLRQDO
JURXSVRULQVWLWXWLRQV
$VVXPLQJ UHVSRQVLELOLW\ DQG FDSDFLW\ WR RUJDQLVH
DQG OHDG WKH DFWLYLWLHV RI SURIHVVLRQDO JURXSV
VFLHQWLILFUHVHDUFKJURXSVRULQVWLWXWLRQV
7U
DQ
VY
HU
VD
OF
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SH
WHQ
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OH

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HWH
QF
HV

$XWRQRP\
DQG
UHVSRQVLELOLW
\
5HVSRQVLEOH
SHUIRUPDQFH RI
SURIHVVLRQDO WDVNV LQ
DQ DXWRQRPRXV
PDQQHUZLWKTXDOLILHG
DVVLVWDQFH
8QGHUWDNLQJ FRPSOH[ SURIHVVLRQDO WDVNV
XQGHU DXWRQRP\ DQG SURIHVVLRQDO
LQGHSHQGHQFHFRQGLWLRQV
,QQRYDWLYH LQLWLDWLRQ DQG GHYHORSPHQW RI FRPSOH[
WKHRUHWLFDODQGSUDFWLFDOSURMHFWV
&UHDWLYH
LQQRYDWLYH
FRQGXFW
'HYHORSPHQW RI
SURIHVVLRQDO SURMHFWV
E\ XVLQJ ZHOONQRZQ
SULQFLSOHV DQG
PHWKRGV ZLWKLQ WKH
ILHOG
'HYHORSPHQW RI SURIHVVLRQDO DQGRU
UHVHDUFK SURMHFWV XVLQJ D ZLGH UDQJH RI
TXDOLWDWLYH DQG TXDQWLWDWLYH PHWKRGV LQ
DQLQQRYDWLYHPDQQHU
'HVLJQ DQG XQGHUWDNH RULJLQDO UHVHDUFK EDVHG RQ
DGYDQFHG PHWKRGV OHDGLQJ WR WKH GHYHORSPHQW RI
VFLHQWLILF DQG WHFKQRORJLFDO NQRZOHGJH DQGRU RI
WKHUHVHDUFKPHWKRGRORJLHV
&ULWLFDO
DQG
FRQVWUXFWLYH
UHIOHFWLRQ
$GHTXDWH XVH RI VWDQGDUG
DVVHVVPHQWFULWHULDDQGPHWKRGV
WR DSSUDLVH WKH TXDOLW\ PHULWV
DQG OLPLWDWLRQV RI SURFHVVHV
SURJUDPPHVSURMHFWVFRQFHSWV
PHWKRGVDQGWKHRULHV
3HUWLQHQW DQG DSSURSULDWH XVH RI
DVVHVVPHQW FULWHULD DQG PHWKRGV WR
IRUPXODWH MXGJHPHQWV DQG IXQGDPHQW
FRQVWUXFWLYHGHFLVLRQV
&ULWLFDOFRQVWUXFWLYH DVVHVVPHQW RI
SURMHFWV DQG VFLHQWLILF UHVHDUFK UHVXOWV
DSSUDLVDO RI WKH VWDJH RI WKHRUHWLFDO DQG
PHWKRGRORJLFDONQRZOHGJH LGHQWLILFDWLRQ
RI NQRZOHGJH DQG DSSOLFDWLYH SULRULWLHV
ZLWKLQWKHILHOG
)X
QF
WLR
QD
OD
FWL
RQ
DO
FR
PS
HWH
QF
HV


$SSOLFDWLRQ
WUDQVIHU
DQG
SUREOHP
VROYLQJ
8VH RI EDVLF SULQFLSOHV DQG PHWKRGV IRU
VROYLQJ ZHOO GHILQHG SUREOHPVVLWXDWLRQV
WKDWDUHW\SLFDOWRWKHILHOGZLWKTXDOLILHG
DVVLVWDQFH
,QWHJUDWHG XVH RI WKH FRQFHSWXDO DQG
PHWKRGRORJLFDO DSSDUDWXV LQ
LQFRPSOHWHO\ GHILQHG VLWXDWLRQV LQ RUGHU
WR VROYH QHZ WKHRUHWLFDO DQG SUDFWLFDO
SUREOHPV
6HOHFWLRQ DQG XVH RI DGYDQFHG
SULQFLSOHVWKHRULHVDQGPHWKRGV
RI NQRZOHGJH WUDQVIHU RI
PHWKRGV IURP RQH ILHOG WR
DQRWKHU LQWHUGLVFLSOLQDU\
DSSURDFKHV WR VROYH QHZ DQG
FRPSOH[ WKHRUHWLFDO DQG
SUDFWLFDOSUREOHPV

([SODQDWLRQ
DQG
LQWHUSUHWDWLR
Q


8VHRIEDVLFNQRZOHGJHWRH[SODLQDQGLQWHUSUHW
YDULRXV W\SHVRIFRQFHSWVVLWXDWLRQVSURFHVVHV
SURMHFWVHWFWKDWDUHUHODWHGWRWKHILHOG
8VH RI VSHFLDOLVHG NQRZOHGJH LQ RUGHU WR
H[SODLQ DQG LQWHUSUHW QHZ VLWXDWLRQV LQ
ZLGHU FRQWH[WV DVVRFLDWHG WR WKH UHVSHFWLYH
ILHOG
8VH RI DGYDQFHG
SULQFLSOHV DQG
PHWKRGV WR H[SODLQ
DQG LQWHUSUHW IURP
PXOWLSOH SHUVSHFWLYHV
QHZ DQG FRPSOH[
WKHRUHWLFDO DQG
SUDFWLFDO
VLWXDWLRQVSUREOHPV
WKDW DUH VSHFLILF WR WKH
UHVSHFWLYHILHOG
3U
RIH
VVL
RQ
DO
FR
PS
HWH
QF
H
.Q
RZ
OHG
JH
FR
PS
HWH
QF
HV


.QRZOHGJH
XQGHUVWDQGL
QJDQGXVH
RIVSHFLILF
ODQJXDJH
.QRZOHGJH DQG XQGHUVWDQGLQJ RI EDVLF FRQFHSWV WKHRULHV
DQGPHWKRGVZLWKLQWKHILHOGDQGWKHVSHFLDOLVDWLRQDUHDWKHLU
DGHTXDWHXVHLQSURIHVVLRQDOFRPPXQLFDWLRQ
,QGHSWK NQRZOHGJH RI D VSHFLDOLVDWLRQ
DUHD DQG ZLWKLQ LW RI WKH SURJUDPPH
VSHFLILF WKHRUHWLFDO PHWKRGRORJLFDO DQG
SUDFWLFDO GHYHORSPHQWV DSSURSULDWH XVH
RI VSHFLILF ODQJXDJH LQ FRPPXQLFDWLRQ
ZLWKGLIIHUHQWSURIHVVLRQDOHQYLURQPHQWV
6\VWHPDWLF
DGYDQFHG
NQRZOHGJH
RI FRQFHSWV
UHVHDUFK
PHWKRGV
FRQWURYHUVLH
V QHZ
K\SRWKHVLV
VSHFLILF WR
WKH ILHOG
FRPPXQLFDWL
RQ ZLWK
VSHFLDOLVWV
IURP UHODWHG
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ILHOGV
 /HDU
QLQJ
RXWFR
PHV
*HQHULF
GHVFULSWRUV
/HYHOGHVFULSWRUV
)LJ7KH0DWUL[RIWKH1DWLRQDO)UDPHZRUNRI4XDOLILFDWLRQVLQ+LJKHU(GXFDWLRQ
7KHPDWUL[LOOXVWUDWHVDWWKHEHVWWKHFRQFHSWLRQZKLFKVXSSRUWVWKHDQDO\VLVRITXDOLILFDWLRQVDQGFRPSHWHQFHV
7KHTXDOLILFDWLRQVDUHGLIIHUHQWLDWHGIRU%DFKHORU0DVWHU¶VDQG'RFWRUDWHDFFRUGLQJWRWKHOHYHOVDQGRIWKH
(4) 7KH OHDUQLQJ UHVXOWV DUH FODVVLILHG LQWR WZR FODVVHV WKH SURIHVVLRQDO FRPSHWHQFH DQG WKH WUDQVYHUVDO
FRPSHWHQFH$QXPEHURIILYHOHYHOGHVFULSWRUVDZDUGLGHQWLW\WRWKHSURIHVVLRQDOFRPSHWHQFH$YHUWLFDOOHFWXUH
RIWKHPDWUL[LQGLFDWHVDSURJUHVVLRQWKURXJKWKHOHYHOVZLWKLQWKHVDPHFRPSHWHQFHZKLOHWKHKRUL]RQWDOOHFWXUH
UHIOHFWVWKHVSHFLILFLW\DQGWKHJURZWKRIFRPSHWHQFHVLQUHODWLRQWRWKHWKUHHW\SHVRITXDOLILFDWLRQV7KHJULG0
VXJJHVWV WKH WUDQVLWLRQ RI HDFK FRPSHWHQFH WKURXJK WKH ILYH GHVFULSWRUV WKH QRPLQDWLRQ RI WUDQVYHUVDO
FRPSHWHQFHV DQG WKH GHILQLQJ RI WKH SHUIRUPDQFH VWDQGDUG IRU HDFK FDWHJRU\ 7KH JULG 0 UHTXHVWV PDNLQJ
UHIHUHQFHVWRWKHFXUULFXODUDUHDWKHSDUWLFXODUGLVFLSOLQHVRIVWXG\DQGWKHQXPEHURIFUHGLWVFRQQHFWHGWRHDFK
FRPSHWHQFH
5HYLVLQJDQGLPSOHPHQWLQJWKH14)+(PRGHO
7KH H[SHULHQFHRI DFWXDO XVLQJ WKH14)+(PRGHO DQG WKH FULWLFDO DQDO\VLV RI WKH UHVXOWV DWWDLQHG OHGXV WR
IRUPXODWHDVHWRIDPHQGPHQWV7KHH[HUFLVHRIYDOXLQJWKHPRGHOLQGHEDWHIRUWKHGRFWRUDOSURJUDPPHVRIVWXG\
KDVQRSUHFHGHQWDQGWKHIROORZLQJDQDO\VLVPLJKWUHTXLUHQHZUHFRQVWUXFWLRQV
x :HKDYHFRPELQHGWKHGHVFULSWRUNQRZOHGJHXQGHUVWDQGLQJZLWKH[SODQDWLRQLQWHUSUHWDWLRQEDVHGRQWKH
SUHPLVHWKDWLQWKHFDVHRIWKHGRFWRUDWHWKHILUVWOHYHORIDFTXLVLWLRQFDQQRWVLPSO\EHWKHRQHRIUHSURGXFWLRQ
UHFRJQLWLRQRUHOHPHQWDU\XQGHUVWDQGLQJ
x :HFRQVLGHUHGDXWRQRP\DQGUHVSRQVLELOLW\QRWDVDSDUWLFXODUW\SHRIFRPSHWHQFHEXWDVDGLPHQVLRQRIHDFK
FRPSHWHQFH8QGHUWKHVHFLUFXPVWDQFHVDQHZUHSRVLWLRQLQJLVQHFHVVDU\DVIDUDVWKHWZRDUHFRQFHUQHG
x &RQVLVWHQWZLWKWKHWULDGLFPRGHORIFRPSHWHQFHZHKDYHLQWURGXFHGDQRWKHUJHQHULFGHVFULSWRUDWWLWXGHV
x $VUHVSRQVLELOLW\UHSUHVHQWVDGLPHQVLRQRIDWWLWXGHVGHSHQGHQWRIDXWRQRP\ZHKDYHDVVRFLDWHGDXWRQRP\
UHVSRQVLELOLW\ZLWKWKHDWWLWXGHVDQGZHKDYHFDPHXSZLWKDQHZXQLWDU\GHVFULSWRU
7KH DYDLODEOH VSDFHGRHVQRW DOORZXV WR DSSO\ WKHQHZ VWUXFWXUHRI WKH14)+(PRGHO WR DOO FRPSHWHQFHV
PHQWLRQHGDERYH7KLVLVZK\ZHZLOOFXWRXWIURPWKHUHVSHFWLYHVHWDW\SHRIFRPSHWHQFHGHVLJQGHYHORSPHQW
PDQDJHPHQWDQGPRQLWRULQJDQGFRPPXQLFDWLRQRIWKHUHVHDUFKUHVXOWVIRFXVLQJDVDQH[DPSOHRQWKHILUVWXQLW
GHVLJQ
7DEOH'HVLJQRIUHVHDUFK
*HQHULFGHVFULSWRU 6SHFLILFGHVFULSWRUV
.QRZOHGJH
H[SODQDWLRQDQG
LQWHUSUHWDWLRQ
SUREOHPDWLFLVVXHV
FRQFHSWXDO
PHWKRGRORJLFDO
DSSDUDWXV
$GHTXDWHXVHRI
VSHFLDOW\ODQJXDJH

 'HVFULEHV WKH PDLQ W\SHV RI UHVHDUFK LQ WKH VRFLDOKXPDQLVWLF ILHOG IXQGDPHQWDO UHVHDUFK DSSOLFDWLYH UHVHDUFK
H[SHULPHQWDOUHVHDUFKDFWLRQGHYHORSPHQWUHVHDUFKHYDOXDWLYHUHVHDUFKHWF
 'HILQHVWKHUHVHDUFKSDUDGLJPVDQGWKHFRQGLWLRQVHQYLURQPHQWVWKH\DUHXVHGLQTXDQWLWDWLYHPRGHOVTXDOLWDWLYHPRGHOV
PL[HGPRGHOVQRPRWKHWLFDODQGLGHRJUDSKLFDODSSURDFKHVHWF
 'HPRQVWUDWHV WKH LQGHSWK NQRZOHGJH RI WKH SUHVHQW VFLHQWLILF WKHRULHV LQ WKH ILHOG RI VWXG\ LGHQWLILHV FRQWURYHUVLDO
SUREOHPVPL[HGUHVXOWVRIWKHUHVHDUFKWKHSULRULWLHVRIWKHVSHFLDOW\LQTXLULHV
 ,GHQWLILHV DQG DQDO\VHV UHFHQW PHWKRGRORJLFDO GHYHORSPHQWV LPSURYHPHQW UHILQHPHQW DQG LQQRYDWLRQ RI WKH UHVHDUFK
PHWKRGV
 .QRZOHGJH RI WKH DGYDQFHG VWDWLVWLFDO PHWKRGV IRU GDWD DQDO\VLV DQG HYDOXDWLRQ DFFHVV WR SURJUDPV VRIWZDUH IRU GDWD
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SURFHVVLQJ
 ,VIDPLOLDUZLWKWKHIHDWXUHVRIWKHLQWHUGLVFLSOLQDU\UHVHDUFK
 'HVFULEHVWKHSKDVHVDQGWKHVWHSVLQWKHGHYHORSPHQWRIDUHVHDUFKSURMHFW
 .QRZVWKHHYDOXDWLRQFULWHULDRIDJRRGUHVHDUFKSURMHFW
$SSOLFDWLRQ
WUDQVIHUSUREOHP
VROYLQJ

 ,GHQWLILHVDQGGHILQHVWKHUHVHDUFKVXEMHFW
 'RHVWKHVFLHQWLILFGRFXPHQWDWLRQLQRUGHUWRILQGRXWWKHSUHVHQWVWDWHRINQRZOHGJHLQWKHUHIHUHQFHILHOG
 'HYHORSVWKHFRQFHSWXDOIUDPHZRUNRIWKHUHVHDUFK
 'HILQHVWKHJRDOVDQGWKHK\SRWKHVHVRIWKHUHVHDUFK
 &KRRVHVWKHSDUDGLJPWKHJHQHUDOPRGHORIUHVHDUFK
 2SHUDWLRQDOLVHVWKHPDLQYDULDEOHVRIWKHUHVHDUFK
 'HILQHVWKHVXEMHFWVWKHUHVHDUFKVDPSOH
 6HOHFWVRUEXLOGVPHWKRGVDQGWRROVIRUGDWDJDWKHULQJDQDO\VLVDQGLQWHUSUHWDWLRQUHVSHFWLYHO\
&ULWLFDODQG
FRQVWUXFWLYHUHIOHFWLRQ

 'HYHORSVFRPSDUDWLYHDQGPHWDHYDOXDWLYHVWXGLHVIRUVXSSRUWLQJWKHUHVHDUFK
 'HPRQVWUDWHVWKHOHJLWLPDF\WKHRSSRUWXQLW\DQGWKHQRYHOW\RIWKHUHVHDUFKVXEMHFWDQGLWVJRDOV
 $UJXPHQWV WKH HSLVWHPRORJLFDO DQG PHWKRGRORJLFDO RSWLRQ IRU D PRGHO EDVHG RQ TXDQWLWDWLYH DVSHFWV FRXQWLQJ DQG
PHDVXULQJIRUFDXVDOGHWHUPLQLVWLFPRGHOVIRUTXDOLWDWLYHPRGHOVRUIRUPL[HGHQGHDYRXUV
 (QVXUHVDQGFRQWUROVWKHWHFKQLFDOTXDOLW\RIWKHUHVHDUFKLQVWUXPHQWVYDOLGLW\ILGHOLW\HWF
 &ULWLFDOO\DSSUHFLDWHVWKHTXDOLW\WKHFRQVLVWHQF\RIWKHUHVHDUFKSURMHFWV
 $QWLFLSDWHVWKHVXVWDLQDELOLW\RIWKHSURMHFW
&UHDWLYHLQQRYDWLYH
EHKDYLRXUFRQGXFW
RULJLQDOLW\RIWKH
UHVHDUFKWKHQRYHOW\
DQGFRQVLVWHQF\RIWKH
UHVXOWV
 'HYHORSV RULJLQDO VFLHQWLILF ULJRURXV DQG LPDJLQDWLYH UHVHDUFK SURMHFWV WKH HOHPHQWV RI QRYHOW\ DQG FUHDWLYLW\ FURVV WKH
SUREOHPDWLFLVVXHWKHH[SHFWHGUHVXOWVWKHGHYHORSHGPHWKRGRORJLHV
 3URSRVHVQHZUHVHDUFKPRGHOVRUPHWKRGVLQWKHVSHFLDOW\ILHOG
 'HVLJQVLQWHUGLVFLSOLQDU\UHVHDUFKHVZLWKPXOWLGLVFLSOLQDU\WHDPV
 ,QLWLDWHVDGYDQFHGUHVHDUFKHVZKLFKOHDGWRWKHGHYHORSPHQWRIVFLHQWLILFNQRZOHGJHEXWDOVRWRWKHLQQRYDWLRQRIV\VWHPV
RUJDQL]DWLRQVDQGVRFLDOVHUYLFHV
$WWLWXGHV
DXWRQRP\ DQG
UHVSRQVLELOLW\

 'HYHORSVWKHSURMHFWRIDQLQGLYLGXDOUHVHDUFKXQGHUPHWKRGRORJLFDOVXSHUYLVLRQDQGDVVXPHVSURJUHVVLYHO\XQWLOWKHHQG
RIWKHGRFWRUDOSURJUDPWKHIXOOUHVSRQVLELOLW\IRUWKHGHVLJQDQGLPSOHPHQWDWLRQRIWKHUHVHDUFK
 5HVSHFWV WKH HWKLFDO SULQFLSOHV RI WKH VFLHQWLILF UHVHDUFK SURPRWHV WKH VFLHQWLILF DQG GHPRFUDWLF YDOXHV UHIXVHV WKH
FRPSURPLVHWKHSDUWLVDQLGHRORJLFDOHQJDJHPHQWSURYHVVFLHQWLILFSURELW\DQGH[HPSODU\PRUDOFRQGXFW
3HUIRUPDQFHFULWHULD

'HYHORSVDQRULJLQDOUHVHDUFKSURMHFWZKLFKGHPRQVWUDWHVWKHIROORZLQJFULWHULD
 OHJLWLPDF\DQGRSSRUWXQLW\RIWKHUHVHDUFK
 SHUWLQHQFHDQGQRYHOW\RIWKHJRDOVDQGK\SRWKHVLV
 DGHTXDWHIXQFWLRQDOFKDUDFWHURIWKHPHWKRGVIRUJDWKHULQJDQDO\VLVDQGLQWHUSUHWDWLRQRIGDWDFRQWURORIWKHTXDOLW\RIWKH
UHVHDUFKWRROV
 FRKHUHQFHRIWKHSURMHFWFRPSRQHQWVJRDOVVDPSOHVPHWKRGVHWFJRRGSODQQLQJRIWKHDFWLYLWLHV
 SURMHFWIHDVLELOLW\
 UDWLRQDOHRIWKHFRVWV
,QDVLPLODUPDQQHUZLWKWKHVDPHVWUXFWXUHRIRUJDQL]DWLRQWKHUHFDQEHGHVFULEHGWKHRWKHUWZRHOHPHQWV
LPSOHPHQWDWLRQRIWKHUHVHDUFKDQGSUHVHQWDWLRQRIWKHUHVXOWV
&RQFOXVLRQVDQGSHUVSHFWLYHV
x 7KH14)+(ZLWKWKHDGRSWHGUHYLVLRQVLVIXQFWLRQDOLWDOORZVWKHSUHVHQWDWLRQDQGWKHYDOLGDWLRQRIWKH
UHVHDUFKFRPSHWHQFH,WLVWKHILUVWDSSOLFDWLRQDWGRFWRUDOOHYHOWKDWOHDGVWRDGGHGYDOXH
x 7KHILYHOHYHOVRIFRPSHWHQFHDQDO\VLVVXJJHVWDPDQQHURIRSHUDWLRQDOL]DWLRQWKDWLQFOXGHVNQRZOHGJHVNLOOV
DQGDWWLWXGHV7KHFRPSHWHQFHVDFTXLUHPRUHFRQFUHWHQHVVWKHLULGHQWLW\LVEHWWHUFLUFXPVFULEHG
x 7KHUHVHDUFKFRPSHWHQFHVKDYHDQHYROYLQJVWUXFWXUHWKH\DUHFRQVWUXFWHGSURJUHVVLYHO\DQGDUHPXOWL
OD\HUHGWKHFRUUHODWLRQVEHWZHHQOHYHOVDUHQHFHVVDU\DQGIOH[LEOH$WGRFWRUDOOHYHOWKHRUGHURILQGLFDWRUVLV
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QRWVWDWLFEXWG\QDPLF)RUH[DPSOHWKHFUHDWLYHDQGFRQVWUXFWLYHUHIOHFWLRQPLJKWDSSHDUEHIRUHWKHSURMHFW
GHYHORSPHQWDIWHUWKHSURMHFWGHYHORSPHQWDQGDIWHUILQDOLVLQJWKHSURMHFW±SURGXFWRXWSXWHYDOXDWLRQ
x 7KHSURFHVVRIFRPSHWHQFHGHYHORSPHQWLVIDFLOLWDWHGDQGUHJXODWHGE\WKHILYHJHQHULFGHVFULSWRUV
x 7KHFRPSHWHQFHUHFHLYHVWKHFKDUDFWHULVWLFRIWUDQVIHUDELOLW\LIWKHFRQWH[WRIWUDLQLQJDQGFRQWUROLVYDULHGDQG
IOH[LEOH
x 7KHUHVHDUFKFRPSHWHQFHVRSHUDWLRQDOLVHGLQWKHDERYHPHQWLRQHGVSLULWVKRXOGUHJXODWHWKHWUDLQLQJ
SURJUDPPHVRIWKHGRFWRUDOFDQGLGDWHV
ż )RFXVRQWKHPHWKRGRORJLFDOWUDLQLQJE\PHDQVRIFRXUVHVGHDOLQJZLWKDGYDQFHGPHWKRGRORJ\
ż 'HYHORSPHQWRI WKH OHDUQLQJ H[SHULHQFHV WKURXJK UHVHDUFKZKLFKVKRXOG IRUWLI\DQG UHILQH WKH UHVHDUFK
FRPSHWHQFHV
x 7KHSURFHVVRIFRPSHWHQFHHYDOXDWLRQLVVXSSRUWHGE\VSHFLILFGHVFULSWRUVWKHUHFDQEHGHYHORSHGRQJRLQJ
HYDOXDWLRQ WHVWV GHSHQGLQJ RQ WKH IHDWXUHV RI WKH VSHFLILF GHVFULSWRUV ,Q WKLV PDQQHU WKH SURFHVV RI
FRPSHWHQFHJURZWKLVEHLQJPRQLWRUHGDQGVXSSRUWHG
x 7KHHYDOXDWLRQRIFRPSHWHQFHDVDQLQWHJUDWLYHVWUXFWXUHLQYROYHVVXPPDWLYHWDVNVZKLFKMRLQWO\LQFRUSRUDWH
NQRZOHGJHDELOLWLHVDQGDWWLWXGLQDODSWLWXGHIDFWRUV
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